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Complex Low-Altitude Airspace Multi-aircraft Cooperation Path
Planning Method Based on Cooperative Coevolutionary

GUAN Xiangmin , LU Renli

(General Aviation Department, Civil Aviation Management Institute of China, Beijing, 100102, China)

Abstract: The situation under low-altitude airspace is much more complex and dangerous, and especially
it is difficult to keep safety of aircraft when many aircraft are in a limited airspace. Therefore, it is nec-
essary and important to develop path planning methods under low-altitude airspace which is the key
technology to keep aircraft safety. Path planning for aircraft under the low-altitude airspace is to opti-
mize the paths for aircraft with consideration of avoiding the obstacles and satisfying the physical con-
straints of aircraft. However, it is difficult to solve the characteristics such as multi-objective, many
constraints and tightly coupled. Path planning for multi-aircraft under the low-altitude airspace is re-
searched. An adaptive multi-objective evolutionary algorithm with heuristics operator and adaptive dif-
ferential evolution multi-objective algorithm is propsed. The model of collision avoidance for aircraft is
established firstly. Then, the cooperative coevolution is introduced to the proposed method. Each air-
craft optimizes its path by using the multi-objective optimization algorithm, and avoids collision through
cooperation among different aircraft. The experimental results show the proposed method is effective
and can obtain optimal paths for aircraft in real time.
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Fig. 4 Flow chart of multi-aircraft path planning based
on cooperative differential multi-objective evolu-

tionary algorithm
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Tab.1 Two-dimensional scene environment parameter set-
tings
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Tab.2 Topographic peak simulation reference value

T; Lmi Ymi Lgradi Yegradi
=1 20 10 15 10 10
i1=2 30 10 55 6.5 7
=3 30 30 50 8 6
=4 20 30 10 9 8
=5 25 45 50 4.7 3.7
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Tab.3 3D scene environment parameter settings

center radius
Riskl (40,60) 8
Risk2 (45,60) 10
Risk
Risk3 (70,60) 7
Risk4 (75,75) 6
Risk5 (62,52) 2
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Fig. 5 Two-aircraft path planning simulation using

adaptive multi-objective co-optimization

Type Ranges/km
x y
Map [ P— A “  —1r
Linap = 0 Ty = 60 Vmap = 205 Yinap = 150
xT y
-1'}’1-‘21 =20 71'%4‘21 =20, y}’m =10 ,y%m =15,
. PFZ1 )
PFZ If*]-‘m =30 vl'll’Fm =30 yprz1 =15 vyilmm =10
«TIIJFZZ =60 mTIZ’Fzz =60, yll’FZI =25 qyf?)l-'zz =25,
PFZ2 ,
Tirze =65, aprz2 =65 yf’Fzz =30, yfﬂ-‘zz =30
center radius
Risk1 (20,50) 5
Risk Risk2 (30,30) 6
Risk3 (31,50 5
Risk4 (45,45) 6

B 6.7 733l h = 4k 5 AR == 22 HILATL I AL Rl 1Y
“ LRI SRR 2 SRR W, 5L T P R A
2500 5% B 8 R 5 U5 BE A8 T O R RAT R0
[F1) 348 ) 4 T o - 28 U R iR/ IS KU, Y B A2

4 ZRiE

EEXT SRS T 2 R AT AR P R RAT I OO L 7E T
B IRRAT AR PREE AN B ) 2 L R SR L
LT Z AU A R R 3 S [ A AR A



94 MOE M o= Mt K KR ¥ ¥ i %49 %
ments[ C] / Proc 3rd Int Conf Recent Adv Space
Technol. 2007 573-578.
(3] ZEBAEIRE SO BT 5. — R = e il g 48 R
h Ir L] FREAR. 2002,23(3) 1 13-17.
LI Chunhua, ZHENG Changwen, ZHOU Cheng-
ping, et al. A fast search method for three-dimen-
sional trajectory [J]. Journal of Astronautics, 2002,
23 (3): 13-17.
Bl 6 = AT B F & HLAT A = R ST TR R AL R
[J] FSEPL T2 5 1% T, 2004 (17) :218-221.
Fig. 6 Three-dimensional complex flight scenarios un- YAN Ping, DING Mingyue, ZHOU Chengping. A
der the multi-aircraft track planning three views
real-time route planner based on roadmap[J]. Journal
of Computer Applications and Applications, 2004
(17). 218-221.
(5] Shzmer, . 5T 15 5000 o A AL % A X
[J]. e 540, 2005(5): 28-31.
MA Yunhong, ZHOU Deyun. A genetic algorithm
~ for path planning of UAV[J]. Journal of Optoelec
Tronics and Control, 2005(5); 28-31.
[6] HFEC. TAMALHE AL 7k prsc[D]. R
BHE K%, 2003,
ZHENG Changwen. Unmanned aerial vehicle route
10 20 30x 40 50 60 planning method research [DJ]. Wuhan: Huazhong
BT 2 A BT MLk L University of Science and Technology. 2003.
Fig. 7 Three-dimensional complex flight scenarios un- (7] Holland. MREEIAFIMI. PRA . LifF. LiF
der the multi-aircraft track planning plan view U 2001,
[8] NIKOLOS I K, TSOURVELOUDIS N C, VALA-
B VANIS K P. Evolutionary algorithm based path
FeT A A 3 N 22 5y 2 HARiE A3 42 1 1 P IA) _ . . .
planningfor multi-ple UAV cooperation [C] / Ad-
2 VAT AL IS0 BURE T BB 2203 2 H b vancesin Unmanned Aerial Vehicles. Berlin, Germa-
HEAG SR B B[R] A 300 R R B0k . R A T AR ny: Springer Verlag, 2007; 309-340.
B (DR H B RIE 1R 19 T % 5 8 45 2R /AT 4% 40 il [9] NIKOLOSIK, TSOURVELOUDS N C. Path plan-
AR RN RE 45 F kS Ak (2) SR R EAR R AN 1K ning for cooperating unmanned vehicles over 3-d ter-
SRR ML, Pk 45 R RE P S R AS A o FL 4 Fh B 1Y rain[J]. Tnf Control Autom Robot. 2009, 24; 153-
BAEE s OFBERPEAL 43 Wk, S PP A S A O 168.
2o R BB R 5 S 8 RS L B e — [10] QU Y. PAN Q. YAN J. Flight path planning of
T S e R UAV based on heuristically search and genetic algo-
N rithms [ CJ // Industrial Electronics Society, 2005.
Rtk [S.1.]: IEEE, 2005.
5 Tk [11] SHASHI M, DEB K. Three-dimensional offline path
planning for UAVs using mul-tiobjective evolutionary
[1] HASIRCIOGLU I, TOPCUOGLU H R, Ermis M. algorithms[ C] // Proceedings of the Congress on Evo-
3-d path planning for the navigation of unmanned aer- lutionary Computation (CEC-2007). [S.1. J: Singa-
ial vehicles by using evolutionary algorithms[C]J // pore. 2007,
Proc Genet Evol Comput Conf. 2008: 1499-1506. [12] MAO Z, FERON E, BILIMORIA K. Stability and

[2] PEHLIVANOGLU Y V. BAYSAL O, HACIOGLU
A. Vibra-tional genetic algorithm based path planner

for au-tonomous UAV in spatial data based environ-

per-formance of intersecting aircraft flows under de-
cen-tralized conflict avoidance rules[]J]. IEEE Trans-

actions on Intelligent Transportation Systems, 2001,



) BRERS % 6T DA A A S 0 A T 22 AT 2 B[R] i R R g i 95
2:101-109. [17] VIVONA R. KARR D, ROSCOE D. Pattern based

[13]

[14]

[15]

[16]

TRELEAVEN K, MAO Z H. Conlflict resolution
and traf-fic complexity of multiple intersecting flows
of air-craft []].
Transportation Systems, 2008, 9:633-643.

ALLIOT J M, GRUBER H, JOLY G, et al. Genetic

IEEE Transactions on Intelligent

algo-rithms for solving air traffic control conflicts[ C]
// The Ninth Conference on Artificial Intelligence for
Applications. 1993.

DURAND N, ALLIOT J M, NOAILLES J. Auto-
matic aircraft conflict resolution using genetic algo-
rithms[ C] // Proceedings of the Symposium on Ap-
plied Computing. Philadelphia: ACM, 1996.
MONDOLONI S, CONWAY S. An airborne conflict
resolution approach using a genetic algorithm [ R].

NASA-ATAA-2001-4054, 2001.

[18]

[19]

[20]

ge-netic algorithm for airborne conflict resolution
[R]. AIAA 2006-6060, 2006.

FRAZZOLI E, MAO Z, OH ] H, et al. Resolution
of conflicts involving many aircraft via semi-definite
programming[J]. Journal of Guidance, Control, and
Dynamics, 1999, 24.79-86.

HART P, NILSSON N, RAPHAEL B. A formal
basis for the heuristic determination of minimum cost
paths[J]. IEEE Transactions on Systems Science and
Cybernetics,1968, 2: 100-107.

SISLAK D, VOLF P, PECHOUCEK M, et al. Au-
tomated conflict resolution utilizing probabilitycollec-
tives optimizer[ ] |. IEEE Transactions on Systems,
Man, and Cybernetics-Part C: Applications and Re-
views, 2011, 41.:365-375.



